The present study investigated the role of phonological and orthographic processing skills in adult second language reading. The subjects were 60 ESL graduate students; all were native speakers of Farsi. Three types of ESL reading measures were used as criterion variables: reading comprehension, silent reading rate, and the ability to recognize individual words. Data were analyzed using correlational and hierarchical multiple regression. Efficiency in phonological and orthographic processing contributed significantly to individual differences on the reading measures. In particular, efficiency in orthographic processing contributed to the reading measures independently of syntactic and semantic measures. The study suggests that it is useful to consider individual differences in ESL reading with respect to individual differences in lower level processes -particularly the efficiency with which readers process phonological and orthographic information.
L1 reading research has placed considerable importance on investigating the role of basic component processing in reading. In L2 reading research, however, much less is known about the contribution of these processes. Prompted by the top-down psycholinguistic views of L1 reading, most of the research in L2 and FL reading has focused on the role of higher level knowledge sources such as background knowledge and the knowledge of syntactic and semantic structures in processing text (e.g., Barnett, 1986; Carrell, 1984 Carrell, , 1985 Clarke, 1980; Cziko, 1978 Cziko, , 1980 Floyd & Carrell, 1987; Hatch, Polin, & Part, 1974) . Conceptualizing reading as a game of guessing, sampling, predicting, and verifying top-down hypotheses, the psycholinguistic models emphasize the role of higher level syntactic and semantic processes and minimize the role of word recognition processes. According to these models, reading problems derive for the most part from the inability of readers to use semantic and syntactic contextual cues (Goodman, 1971 (Goodman, , 1976 Smith, 1971) . As Smith (1971) stated, "the cause of the difficulty is inability to make full use of syntactic and semantic redundancy, of nonvisual sources of information" (p. 221). According to Smith, using their syntactic and semantic knowledge, readers reduce their reliance on the graphophonic aspects of the text.
While the literature in L2 reading research is still overwhelmingly dominated by L1 psycholinguistic frameworks (Koda, 1997) , the pendulum has swung back towards a more balanced view regarding the role of different component processes in L1 reading. Many L1 reading researchers conceptualize reading as a complex information processing operation, which draws on many subcomponent processes, any of which can be a potential source of individual difference in reading (Daneman, 1996) . In this view, efficient lower level visual and graphophonic skills are considered an integral component of fluent reading (Adams, 1990; Barron, 1986; Berninger, 1994; Bruck & Waters, 1990; Carr, Brown, Vavrus, & Evans, 1990; Cunningham, Stanovich, & Wilson, 1990; Perfetti, 1985 Perfetti, , 1991 Stanovich, 1980 Stanovich, , 1986 Stanovich, , 1991 . It is this efficient lower level processing that allows the limited capacity system to be devoted to processing higher order information during reading comprehension (Perfetti & Lesgold, 1977; Stanovich, 1991) .
An extensive body of research in L1 reading, including detailed studies on eye movements (Just & Carpenter, 1980 , and a number of studies on context effects, the role of graphophonic processing, and word recognition skills in reading support this view (Bruck & Waters, 1990; Cunningham et al., 1990; Perfetti, 1985 Perfetti, , 1991 Stanovich, 1984; Stanovich, West, & Cunningham, 1991; Stanovich, West, & Seeman, 1981) . A number of L1-based studies, for example, have shown that phonological processing skill is a potent force in word identification processes and reading comprehension even in adult skilled reading (e.g., Coltheart, Laxon, Richard, & Elton, 1988; Cunningham et al., 1990; Folk & Morris, 1995; Luo, 1996; Van Orden, 1987; Van Orden, Johnson, & Hale, 1988) . Coltheart et al. (1988) showed that both children and adult readers use phonological information to a significant degree when reading for meaning. Van Orden (1987) and Van Orden et al. (1988) found that phonological mediation contributed importantly when high school and college L1 readers read sentences for comprehension. Stanovich and West (1989) showed that phonological and orthographic skills not only contributed significantly to word recognition, but also were independent of one another. Bruck and Waters (1990) , investigating the role of lower level sound-spelling knowledge in three groups of poor and good readers, found that poor readers' reading comprehension was significantly related to their poor knowledge of grapheme-phoneme correspondence rules, as measured by different word and nonword spelling tasks. Finally, Barker, Torgesen, and Wagner (1992) , investigating the role of phonological and orthographic processing skills in five different reading tasks, including singlet word recognition and reading for connected text, found that phonological and orthographic processing contributed significantly to all of the reading tasks. In short, L1-based studies have suggested that phonological and orthographic processing skills play an important role in the reading process of L1 native readers.
Nassaji & Geva: Processing skills and ESL reading

Component processes in L2 reading
The conceptualization of reading as a multilevel cognitive information processing operation has also been undertaken in the context of L2 reading (Bernhardt, 1986 (Bernhardt, , 1990 (Bernhardt, , 1991 Geva & Ryan, 1993; McLaughlin, 1987 McLaughlin, , 1990 McLaughlin, Rossman, & McLeod, 1983; McLeod & McLaughlin, 1986; Segalowitz, Poulsen, & Komoda, 1991) . McLaughlin (1990) considered L2 reading as a complex cognitive skill, the learning of which is characterized by the development of an adequate skill in lower level graphophonic processing and a progressive refinement and automatization of word-level decoding operations. Bernhardt (1990) formulated a multivariate L2 reading model in which lower level word recognition processes are important parameters of L2 reading comprehension. Other researchers, such as Grabe (1991) , Haynes and Carr (1990) , and Koda (1994) , also stressed the importance of lower level component processes in L2 reading. Haynes and Carr (1990) argued that basic language processing skills are necessary for an adequate development of L2 reading, and that a deficiency at lower level visual and graphophonic processing might negatively influence L2 reading efficiency. In a study with Chinese college-level ESL learners, these researchers found that knowledge of orthographic rules in ESL reading is as important for ESL learners of Chinese as it is for L1 readers. Koda (1992) found that efficiency in lower level processing contributed significantly to comprehending connected texts (paragraph comprehension) and reading isolated sentences in Japanese L2 readers.
A number of cross-linguistic studies have provided evidence for the role of basic component processes in L2 reading (e.g., Akamatsu, 1996; Favreau, Komoda, & Segalowitz, 1980; Geva & Wade-Woolley, 1998; Geva, Wade-Woolley, & Shany, 1993; Segalowitz, 1986; Wade-Woolley, 1996) . Segalowitz (1986) found that the slower rate of L2 readers could be due in part to their lesser skill in processing phonological codes. Favreau et al. (1980) found that advanced L2 readers were different from L1 readers in the efficiency with which they used orthographic redundancies.
Such studies suggest that basic component processes are important in L2 reading as well. However, two issues remain controversial in both the L1 and L2 reading literature. One issue has to do with the separate roles of phonological and orthographic processing in reading. In general, the role of phonological processing as an essential factor for word recognition and reading comprehension has been firmly established in the L1 reading literature. However, the status of orthographic processing and its contribution to reading are rather ambiguous (Berninger, 1994) . Orthographic processing has been defined as the ability to use the visual-orthographic information in the orthographic structure of words when processing written code (Wagner & Barker, 1994) . It is argued that fluent reading depends on the reader's ability to process orthographic information, and that the ease and speed with which skilled readers process print is largely linked to their knowledge of the orthographic structure of words and, in particular, the ways in which letters are ordered and combined in words (Corcos & Willows, 1993; Massaro & Sanocki, 1993) . According to this view, orthographic informa-tion facilitates the nonmediated visual processing of words (Backman, Bruck, Herbert, & Seidenberg, 1984) .
One of the reasons for the lesser attention to the role of orthographic processing in research is the methodological problems involved in dissociating orthographic from phonological processing (Berninger, 1994 (Berninger, , 1995 . Phonological and orthographic processing are highly integrated in reading, and it is very hard to devise orthographic tasks without a phonological component. Despite this problem, evidence is now accumulating for the separate role of orthographic processing skills from that of phonological skills. Recent studies have demonstrated that orthographic skills account for variance in reading independent of the variance accounted for by phonological skills (Barker et al., 1992; Olson, Forsberg, & Wise, 1994; Stanovich et al., 1991) .
The second issue has to do with the role of lower level graphophonic processes in adult advanced readers (Levy & Carr, 1990) . In particular, some L2 researchers have argued that the contribution of these lower level abilities is proficiency-level specific (e.g., Coady, 1979; Devine, 1988) The contention is that the development of lower level skills in L2 readers simply reflects the development of general language knowledge, and that if lower level processes play any role in reading, their role is evident only when L2 readers have low language proficiency. Thus, while developmental and individual differences in basic word-level processes have been implicated in L1 reading of college students (e.g., Bell & Perfetti, 1994; Cunningham et al., 1990) , they are considered negligible in advanced L2 readers.
The question remains as to what extent the lower level processes contribute to reading a second language. Bernhardt and Kamil (1995) found that general language proficiency (defined as syntactic and lexical knowledge) along with L1 reading ability accounted for less than 50% of the variance in L2 reading comprehension among adult L2 readers of Spanish. Leloup (1993; cited in Bernhardt & Kamil, 1995) found that only about 10% of the variance in L2 reading could be accounted for by background knowledge plus interest in the topic. Taking all these factors into account, there is still a large amount of variance left unexplained in L2 reading comprehension. Might phonological and orthographic processing skills account for part of the variance in L2 reading -particularly at the advanced level? This is a central issue addressed in this study.
Presently, there are a few studies on the role of these processes in adult L2 reading (e.g., Akamatsu, 1996; Favreau et al., 1980; Segalowitz, 1986; WadeWoolley, 1996) ; however, they have been mostly at the word recognition level. Therefore, the contribution of these processes to reading connected text in L2 is unclear. Moreover, most of the present research on the role of lower level processing has taken a single-level approach, centering on variables from only one level of the reading process (Haynes & Carr, 1990) . Therefore, the independent contribution of these processes over and above that made by higher level processes, such as semantic and syntactic processes, is not clear. If these processes can be shown to make an independent contribution to L2 reading, this would provide significant insights into models of L2 reading comprehension and reading development.
In the research reported here, we used a component skills design to address this issue, utilizing measures of lower level phonological and orthographic skills in conjunction with measures of higher level syntactic and semantic skills, controlling for aspects of cognitive ability such as working memory and rapid automatized naming of letters. It is believed that such an examination of different dimensions of the linguistic knowledge and its consequential effects on L2 reading would make an important contribution to our understanding of the complex nature of L2 reading (Koda, 1994) and would yield a less biased picture of the role of lower level and higher level language-processing skills in ESL reading. Moreover, there is evidence that the nature of L1 orthography may affect the reading performance of L2 readers (Akamatsu, 1996; Bernhardt, 1991; Chitiri, Sun, Willows, & Taylor, 1992; Geva & Wade-Woolley, 1998; Koda, 1992 Koda, , 1995 Wade-Woolley, 1996) . Therefore, it is essential that any script-related study be conducted, and the results be interpreted, with respect to the type of the language backgrounds the readers possess. To control for L1 background, we focused on Farsi native speakers reading English as an L2.
Farsi is a branch of the Indo-European language family and a dialect of the Persian language with a writing system close to Arabic and different from the Roman alphabet. Although it is alphabetic, the writing system is completely different from that of English in terms of its physical shape and the way its alphabetic letters combine to form an orthographic pattern. The Farsi alphabet consists of 32 characters and, unlike English, is written from right to left. Although all the consonants in Farsi are represented by alphabetic letters, only the long vowels are represented by alphabetic letters. The short vowels are represented by diacritics, which are placed either above or below the letter associated with that sound in a word. Written or printed Farsi does not use diacritics (Paper & Jazayery, 1955) . Script with diacritics is only used for beginners. Typically, after the end of the first year of schooling, it is replaced by text without diacritics, though the vowels represented by alphabetic letters continue to be present. As far as grapheme-phoneme correspondence is concerned, Farsi has been described as having a shallower orthography than English (Baluch & Besner, 1991) . Like English, Farsi orthography can be characterized by a one-tomany phoneme-grapheme relationship. However, unlike English, in Farsi there is a complete one-to-one grapheme to phoneme mapping.
METHOD
Participants
A total of 60 adult fairly advanced ESL readers participated in the study. They were all male, and their age ranged from 25 to 35. To be advanced L2 readers, the participants were selected from among university graduate students studying at a major university in Ontario, Canada. At the time of testing, they had been living in Canada for 3 to 6 years; before they came to Canada, they had at least 8 years of formal English courses at school and university in Iran. Given their background and the fact that all had passed the minimum proficiency threshold required to study as graduate students in an English-speaking Canadian university, they were assumed to be fairly advanced ESL readers. 1 Moreover, they had completed their bachelor's degrees in their home country, Iran; therefore, they were assumed to be highly literate in their L1 as well.
Design
A component skills design was employed in this study, consisting of three criterion (dependent) variables and seven predictor (independent) variables. The criterion variables consisted of measures of reading comprehension, silent reading rate, and singlet word recognition. Being the focus of much research, these types of reading measures have been shown to be highly intercorrelated and have been considered as important aspects of reading skills in both L1 and L2 (e.g., Barker et al., 1992; Haynes & Carr, 1990; Mahon, 1986; Segalowitz, 1986) . The predictor variables consisted of phonological, orthographic, syntactic, sentencesemantic, and lexical-semantic (vocabulary) measures. Two measures of aspects of cognitive ability relevant to reading -a working memory measure and rapid automatized naming of letters -were also included as control variables of individual differences.
The participants were tested individually in single sessions. Testing lasted for approximately 2 hours. Each participant was paid $20 for participating in the study. Performance on the experimental tasks was measured in terms of both speed and accuracy scores. These were then combined to yield indices of the readers' efficiency in processing the task. Time was measured by a stopwatch, which measured time to a hundredth of a second. Enough care was taken to minimize the response variability on the part of the experimenter using the stopwatch. For the standardized tests, the raw scores were used in the analyses rather than the z scores since the tests were normed with L1 readers and there was no intention to interpret the results of the tests with reference to L1 norms.
Dependent variables
Reading comprehension. Reading comprehension was measured by a standardized reading comprehension test: specifically, the reading comprehension section of the Nelson-Denny reading test (form F). The test contains eight reading passages with a total of 36 multiple choice questions, each question offering five options. The test has a time limit of 20 minutes. The raw number correct was employed in the analyses. The reliability of the reading comprehension test (Cronbach's alpha) was .85.
Silent reading rate. Silent reading rate was determined on the basis of the first minute reading of the first reading passage of the Nelson-Denny reading test, which yields an estimate of words-per-minute. Standard administration procedures were followed, and the raw score on the test was used in the analyses.
Single word recognition. Word recognition was defined as the ability to read individual words accurately out of context. To measure this ability, a standardized word recognition test -the word reading section of the Wide Range Achievement (WRAT-3) (Wilkinson, 1993 ) -was used. The test consists of two equivalent forms, each including 42 English words. To get a more comprehensive measure of the readers' word recognition ability, both forms were used, and a combined raw score was calculated. Standard administration procedures were used. That is, the participants were asked to read the words aloud at a normal pace. Words read disfluently were scored as incorrect. Testing stopped when the participants made 10 consecutive errors. The equivalent-forms reliability of the test was .86.
Independent variables
Phonological processing skill. Phonological processing skill was defined as a systematic and rapid translation of spelling patterns into phonologically appropriate codes (Manis, Szeszulski, Holt, & Graves, 1990) . To measure this skill, a pseudoword matching task was developed and used. The task was modeled after the one used by Manis et al. (1990) . The task consists of a list of 30 pairs of pseudowords, which either sound the same or different in English (e.g., thake-thack, flemb-flem, nurt-nert). To verify whether the constructed pairs matched or did not match English pronunciation, the test was piloted with a group of highly educated native speakers of English. Some 10 native Englishspeaking graduate students with background in linguistics were instructed to proceed through the pilot items at their own pace and to judge whether the pairs sounded the same or different. The pairs eventually selected were those on which there was at least 90% agreement among these native speakers of English.
The participants were presented with the list of word pairs and were instructed to read each pair silently and to decide as quickly as possible whether the two members in each pair sounded the same or different. They recorded their judgments by marking S ( ) for same or D ( ) for different next to each pair. Accuracy and the total time to perform the task were measured. The reliability of the task (Cronbach's alpha) was .77.
Orthographic processing skill. Orthographic knowledge was defined as knowledge of orthographic regularity (Venezky & Massaro, 1979) , which involves the ability to evaluate orthographic patterns and to judge their conformity with English orthographic convention (Berninger, 1994; Venezky & Massaro, 1979) . To measure this skill, a nonword task was developed and used. The task was modeled after the one used by Siegel, Share, and Geva (1995) . It consists of 30 pairs of monosyllabic nonwords, each containing a sequence of letters (bigrams and trigrams) which either conforms or does not conform to English orthographic conventions in the position used (e.g., filve-filv; gmub-gnub). The se-quence gm, for example, does not conform to English orthographic conventions and never occurs in initial position in English words, but gn may occur in initial position. Some of the items used in the task were taken from Siegel et al.'s (1995) test of orthographic knowledge. However, to increase the task reliability, additional items were also added. For verification of the items, the task was piloted with a group of highly educated native speakers of English. As with the phonological processing task, 10 graduate students, all native speakers of English, were asked to go through the list at their own pace and to judge the conformity or nonconformity of the task items to English orthographic structure. The stimuli selected were those judged by at least 90% of the native speakers as conforming or not conforming to English orthographic conventions.
The participants were presented with the list of 30 orthographic nonword pairs and were instructed to look at each pair and to decide as quickly as possible which of the two members of the pair "looks more like a real word in English." Accuracy and the total time to perform the task were measured. The reliability of the task (Cronbach's alpha) was .70.
Syntactic processing skill. The task used for testing English syntactic processing skill was a syntactic judgment task. The task consists of 30 sentences: 15 syntactically correct sentences (e.g., "He answered the ringing telephone") and 15 syntactically incorrect sentences (e.g., "The children's mother work very hard."). The task was designed to test a wide variety of English syntactic properties, such as function words, word order, phrase order, clause boundaries, pronominalization, tense markers, articles, subject predicate agreement, particles, and copula words. To control for semantic knowledge and to ensure as far as possible that the participants' performance would not be affected by lexical meaning, the task was constructed to contain items whose intended meanings were transparent (Bowey, 1994) . Moreover, only relatively high-frequency words were used, based on West's (1953) general list of English words. The task was first piloted with 25 advanced ESL readers and was revised accordingly. Items that were extremely difficult (those answered incorrectly by all participants) or extremely easy (those answered correctly by all participants) were revised or replaced with new items.
The participants were instructed to read each sentence at a normal pace and to decide whether the sentence was syntactically correct or incorrect. They recorded their judgments by marking Correct ( ) or Incorrect ( ) next to each test item. Total correct responses were calculated, and the time taken to perform the task was measured. The reliability of the task (Cronbach's alpha) was .68.
Semantic processing skill. Two tasks were used for measuring semantic processing skill: a sentence-semantic task and a lexical-semantic (vocabulary) task. The lexical-semantic task was the vocabulary section of the Nelson-Denny reading test (form F). The test consists of 100 vocabulary items presented in a multiple choice format; each item is followed by five options. The participant has to select the option that best describes the meaning of the vocabulary item intended. The test is a timed test with a time limit of 15 minutes. The raw score based on number correct was employed in the analyses. The reliability of the task (Cronbach's alpha) was .84.
In addition to the lexical-semantic task, a sentence-semantic task was also used as semantic knowledge involves not only knowing the meanings of individual words, but also making sense of them in context (Page & Pinnell, 1979) . The sentence-semantic task, a sentence judgment task, consists of 30 sentences: 15 semantically well-formed sentences (i.e., sentences that make sense, such as "The angry teacher punished the rude student.") and 15 semantically ill-formed sentences (i.e., sentences that do not make sense, such as "A timid accident devastated a huge crop."). To develop the task, 30 semantically well-formed sentences were initially generated. Of these, 15 sentences were made semantically anomalous by manipulating one of the semantic relationships within the phrases constituting the sentence in such a way that it violated the semantic constraints of the lexical items forming the phrase. To ensure that what made a sentence ill-formed was not its violation of the English syntactic rules but its violation of the semantic constraints provided by the meanings of the items and the selection restrictions governing them (Cziko, 1978) , syntactic structure was controlled. That is, all the sentences were constructed on the basis of one simple English syntactic structure (i.e., NP + V(t) + NP), and each sentence included an equal number of lexical items selected from specific grammatical categories. The task was piloted with 25 advanced ESL readers before it was used and was revised accordingly. Items that were extremely difficult (those answered incorrectly by all participants) or extremely easy (those answered correctly by all participants) were revised or replaced with new items.
The participants were presented with the list of sentences and were instructed to read each sentence silently at a normal pace and to decide whether it was meaningful or meaningless. They recorded their correct responses by marking Yes ( ) or No ( ) next to each item. Total correct responses were calculated, and the time to perform the task was measured. The reliability of the sentencesemantic task (Cronbach's alpha) was .67.
Working memory. Researchers have used different measures to test the efficiency of individuals' working memory capacity, ranging from language tasks such as true/false sentence judgment tasks and sentence completion tasks to simple digit span tasks (e.g., Geva, 1995; Geva & Ryan, 1993; Gottardo, Stanovich, & Siegel, 1996; Waters & Caplan, 1996) . Motivated by the findings of researchers such as Daneman and Carpenter (1980) indicating that there is a higher correlation between reading comprehension and reading span measures or true/false sentence judgment tasks than between reading comprehension and the more traditional digit span tasks, L1 researchers have tended to use language tasks in L1 reading research. However, such sentence judgment and sentence completion tasks were not used in the present study for two reasons. First, they were considered too complex to be used as memory tasks as they involve other, less automatized processes such as semantic and syntactic processes that, while related to reading, are not necessarily specific to memory (Levy & Hinchley, 1990) . The higher correlation found between such measures and reading comprehension might be due to the comprehension-specific processes involved in doing such reading span tasks . Second, language-based memory tasks assume that participants are already competent in the language used in the tasks, as in the case with L1 readers; thus, these tasks may be less appropriate for use with L2 readers. Therefore, in this study a digit span task was used as a measure of working memory. The task was the forward and backward digit span section of the Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) . While digit span tasks do not require complex comprehension and language-related processes (as may usually be involved in language-based memory tasks), they assess the intake, maintenance, and retrieval of information . In addition, the backward digit span tasks involve not only a storage component, but also a transformation component of the data, which is an important facet of working memory (Baddeley, 1986) . The test that we used required the participants to recall a series of orally presented numbers that increase in set size. It starts with two and three digits for backward and forward recall, respectively, and increases by one digit in every subsequent trial. A standard administration procedure was used, and the raw score, based on total correct, was employed in the analyses. The reliability of the digit forward and backward tasks (Cronbach's alpha) for the people in this study is .80 and .68, respectively.
Rapid Automatization Naming Test (RAN).
The speed with which individuals access the name of visual symbols has been considered part of the basic cognitive skills involved in accessing the lexicon; therefore, it has been considered important to reading (Bowers, Golden, Kennedy, & Young, 1994; Denckla & Rudel, 1976; Jorm & Share, 1983) . The notion of speed of processing orthographic symbols is an important component of theories of efficient reading, as outlined in LaBerge and Samuels (1974) and Perfetti (1985) . To measure this ability, the letter naming section of Denckla and Rudel's (1976) Rapid Automatization Naming test (RAN) was used. This task is believed to tap basic lower level cognitive processes by estimating the speed with which participants access the names of highly automatized printed symbols (Bowers et al., 1994; Wolf, Pfeil, Lotz, & Biddle, 1994) . The serial-naming format of RAN was used. This format (the reader reads a list of letters continuously as quickly as possible) has been shown to be more reliably and significantly correlated with reading than the discrete-trial format (the reader reads one letter at a time) (Bowers, 1995; Stanovich, 1981; Stanovich, Nathan, & Val-Rossi, 1986) . The task consists of a random presentation of 50 characters, which are a series of highly frequent letters of the English alphabet (i. e., o, a, s, d, p) , each appearing a total of ten times. The participants were instructed to name the characters as quickly and accurately as possible. The time to name all 50 letters was recorded and was used as an index of speed of letter naming in the analyses.
DATA ANALYSIS AND RESULTS
The data were analyzed using two sets of scores for the experimental measures: accuracy scores, calculated on the basis of the total correct responses on each task, and efficiency scores, consisting of a composite of speed and accuracy. Efficiency scores based on speed and accuracy have been shown to be a more Note: RC = reading comprehension; Rate = silent reading rate; Word = single word recognition; RAN = Rapid Automatization Naming test; RAN.t = time carrying out the Rapid Automatization Naming test; W. memory = working memory; Pho. = accuracy on phonological task; Pho.t = time carrying out phonological task; Orth. = accuracy on orthographic task; Orth.t = time carrying out orthographic task; Syn. = accuracy on syntactic task; Syn.t = time carrying out syntactic task; S-Sem. = accuracy on sentence-semantic task; S-sem.t = time carrying out sentence-semantic task; Lex-sem. = lexical-semantic measure (vocabulary). a Time to carry out the tasks in seconds.
accurate indicator of reading ability than simple accuracy measures . The assumption is, the efficiency (speed and accuracy) of lower level processing allows a reader to devote more memory capacity to higher level comprehension and integration processes in reading (Perfetti, 1985) . Therefore, the major results and conclusions reported in this article are those based on efficiency scores. Following Stanovich and West (1989) , efficiency scores were computed based on the following procedure. For each subject, the number of errors on each of the experimental tasks and the time taken to perform the task were converted into their respective z scores. The two resulting z scores were then added and averaged to yield a single composite efficiency score representing both speed and accuracy. Table 1 presents the descriptive data on all the measures in the study. Table 2 displays the intercorrelations among all the variables in the study. Correlation coefficients of .25 and above are significant at p < .05 (two-tailed). Note = accuracy on orthographic task; Orth.t = time carrying out orthographic task; S-sem. = accuracy on sentence-semantic task; S-sem.t = time carrying out sentence-semantic task; Syn. = accuracy on syntactic task; Syn.t = time carrying out syntactic task; Pho.eff. = efficiency on phonological task; Orth.eff. = efficiency on orthographic task; Syn.eff. = efficiency on syntactic task; S-sem.eff. = efficiency on sentence-semantic task; Lex-sem.
Correlational analyses
= lexical-semantic measure (vocabulary). a Correlations above .25 significant at .05 (two-tailed); above .30 significant at .01 (two-tailed); and above .40 significant at .001 (two-tailed).
that the negative signs next to the efficiency scores reflect the fact that efficiency scores were computed from the number of errors and the time taken to perform the task. Thus, better performance in reading is associated with fewer errors and less time to carry out the task.
As Table 2 shows, with the exception of age, virtually all the predictor variables correlated significantly with each other and with the criterion reading measures used. Not surprisingly, reading comprehension showed a strong correlation with lexical-semantic (vocabulary) knowledge (r = .59, p < .0001) and with accuracy as well as efficiency scores on the syntactic and sentence-semantic measures (syntactic accuracy: r = .44, p < .0001; sentence-semantic accuracy: r = .53, p < .0001; syntactic efficiency: r = −.51, p < .0001; sentence-semantic efficiency: r = −.65, p < .0001). However, significant correlations were also observed between reading comprehension and both the accuracy and efficiency scores on the phonological and orthographic measures (phonological accuracy: r = .30, p < .01; phonological efficiency: r = −.42, p < .001; orthographic accuracy: r = .33, p < .01; orthographic efficiency: r = −.47, p < .0001). As is evident, the correlations resulting from efficiency scores are more potent than those based on accuracy scores alone, indicating again that individual differences on efficiency indices of phonological and orthographic processing reflect more accurately individual differences in reading comprehension. Reading comprehension was significantly correlated with working memory (r = .35, p < .01) as well. However, only a weak and nonsignificant correlation (r = −.20) was observed between reading comprehension and speed of letter naming (RAN).
Silent reading rate also showed significant correlations with the predictor variables. Efficiency scores on syntactic, lexical-semantic (vocabulary), and sentence-semantic measures yielded moderate correlations with reading rate (r = −.49, p < .0001; r = .53, p < .0001; and r = −.57, p < .0001, respectively). Significant correlations also appeared between silent reading rate and the phonological and orthographic accuracy and efficiency scores (phonological accuracy: r = .33, p < .01; phonological efficiency: r = −.35, p < .01; orthographic accuracy: r = .30, p < .01; orthographic efficiency: r = −.44, p < .0001). RAN did not correlate significantly with silent reading rate (r = −.17). However, working memory was significantly and positively correlated with this reading measure (r = .34, p < .01).
The phonological and orthographic processing measures correlated significantly with single word recognition as well. Note that this was true for both accuracy and efficiency scores (phonological accuracy: r = .33, p < .01; orthographic accuracy: r = .31, p < .01; phonological efficiency: r = −.35, p < .01; orthographic efficiency: r = −.44, p < .0001). Moderate correlations also appeared between single word recognition and efficiency scores on the syntactic, lexicalsemantic (vocabulary), and sentence-semantic measures (r = −.44, r = .58, and r = −.57, p < .0001, respectively). These intercorrelations probably indicate a relation between the printed words and the phonological and orthographic as well as syntactic and semantic attributes (see Vellutino, Scanlon, & Chen, 1995) . Both working memory and RAN showed weak and nonsignificant correlations with word recognition (working memory, r = .21; RAN, r = −.16).
To summarize, the correlational analyses revealed that there was a positive and significant relationship between lower level cognitive and linguistic variables and adult ESL reading. RAN did not correlate with the dependent measures in this sample of adult L2 readers. However, it correlated with efficiency scores on most of the component measures, such as the phonological (r = .35), orthographic (r = .30), syntactic (r = .27), and sentence-semantic measures (r = .30). These data seem to suggest that speed of letter naming as measured by RAN, while not wholly related to adult L2 reading comprehension, may be related to subcomponents of L2 reading comprehension.
Hierarchical regression analyses
To determine the relative contribution of the predictor variables to the criterion variables, a series of forced-entry multiple regression analyses were performed. Regressions were performed using the criterion variables and the predictor variables that significantly correlated with the criterion variables. Age was not significantly correlated with any of the criterion variables; therefore, it was not included in the regression equation. RAN was also not significantly correlated with the criterion variables; however, it was correlated with some of the predictor variables. Therefore, RAN was included in the regression analyses to partial out the variance related to speed of letter naming. Since in some cases relatively high correlations were observed among predictor variables, the data were first closely examined for the presence of multicolinearity. To check for this problem, the procedure suggested by Lomax (1992) was adopted. Several regression analyses involving only the predictor variables were performed. The regressions were conducted each time with one of the predictor variables as criterion variable and the other variables as predictor variables. As suggested by Lomax (1992) , if any of the resultant R 2 k (total percent of variance explained) happens to be close to 1.0 (equal to or greater than .90), it might indicate a problem of multicolinearity. In the analyses conducted here, the largest R 2 k obtained was .57, indicating that there was no problem of multicolinearity among the measures.
In forced-entry hierarchical regressions, the order whereby each predictor variable is entered into the equation is determined in advance by the researcher. In this study, the following theory-based sequence of data entry was adopted. First RAN was entered, followed by working memory. Then the efficiency scores on the phonological and orthographic measures were entered, followed by the efficiency scores on the syntactic, lexical-semantic (vocabulary), and sentence-semantic measures, respectively (section A in Tables 3-6 ). This ordering of the predictor variables (i.e., lower level processing measures are entered before higher level processing measures) was based on the assumption that the execution of lower level cognitive and language processing components (e.g., speed of letter naming, working memory, phonological and orthographic processing) takes place prior to higher level semantic and syntactic processing. In other words, higher level processes depend on the information supplied by lower level visual and word identification processes (Haynes & Carr, 1990) . Then, since one of the research questions addressed here was whether lower level phonological and orthographic processing skills make any unique contribution to L2 reading, an additional series of multiple regressions were performed in which the entry order of variables was reversed and phonological and orthographic measures were entered after the syntactic and semantic measures (section B in Tables 3-6 ). These analyses examined whether the lower level processing measures could explain any significant proportion of variance after the variance attributable to syntactic and semantic measures has been accounted for.
Next, we present the results of the alternative regressions for each of the three criterion measures.
Reading comprehension. Table 3 displays the results of the hierarchical multiple regressions with reading comprehension as the criterion variable. Section A of the table presents the regression results when the phonological and orthographic efficiency measures were entered into the equation prior to the higher level syntactic and semantic efficiency measures. Section B of the table displays the results of the regression analysis when the phonological and orthographic efficiency measures were entered into the equation after the syntactic and semantic efficiency measures. What is important to note here is the contribution of phonological and orthographic measures, which jointly explained 24% of the variance in reading comprehension when entered into the regression equation prior to the syntactic and semantic measures. The phonological measure did not emerge as predictive of reading comprehension when entered after the syntactic and semantic measures. However, the orthographic measure continued to explain significantly an additional 4% of the variance, even after the variance associated with the semantic and syntactic measures was accounted for.
Silent reading rate. Table 4 displays the results of the hierarchical multiple regressions with silent reading rate as the criterion variable. The entry order of the predictor variables was identical to the one described in the regression analyses for reading comprehension. The results pertaining to reading rate essentially mimicked those reported for reading comprehension. What is important to note is the substantial proportion of variance accounted for by the phonological and orthographic efficiency measures, which collectively explained 21% of the variance when entered prior to the syntactic and semantic measures. As displayed in section B of Table 4 , when entered after the syntactic and semantic measures, the phonological measure failed to explain any variance in silent reading rate. However, the orthographic measure continued to explain significantly an additional 4% of the variance.
Single word recognition. Finally, two regressions were performed with single word recognition as the criterion variable, using the same logic described before. The results are summarized in Table 5 . Note that, when entered on the third step, the phonological efficiency measure explained 9% and the orthographic efficiency measure explained an additional 10% of the variance. However, when entered after the syntactic and the two semantic measures, both phonological and orthographic measures failed to add significantly to the variance in single word recognition. Although the orthographic measure accounted for an additional 3% of the variance, it was not statistically significant when syntactic and semantic measures were already in the equation. This weaker contribution of orthographic processing to single word recognition versus reading connected text replicates the findings of Barker et al. (1992) ; in that study, less contribution was found for orthographic processing when L1 readers were reading isolated words as opposed to reading connected text. *p < .05; **p < .01; ***p < .001.
The contribution of phonological and orthographic processes to syntactic and semantic processes
The results of the multiple regressions reported so far reveal that, when entered before syntactic and semantic measures, efficiency on phonological and orthographic measures accounted for a significant proportion of the variance in the three reading measures. When entered last, the orthographic measure still explained a significant proportion of the variance, but the phonological measure did not. However, the syntactic and semantic measures accounted for a substantial proportion of the variance when entered either first or last into the regression equations. While the more robust contribution of the syntactic and semantic measures was expected, it was not clear why the phonological measure, which accounted for a significant proportion of variance when entered prior to the syntactic and semantic measures, lost its significance when entered last into the regression equation.
To tease apart the relative contribution of phonological and orthographic processes to semantic and syntactic processes in our study, an additional series of hierarchical regression analyses were carried out in which the syntactic, lexicalsemantic (vocabulary), and sentence-semantic measures served as criterion variables and the phonological and orthographic efficiency measures served as predictor variables, entered into the analyses in two different orders. Due to the significant correlation observed between RAN and some of the predictor variables, RAN was also included in these analyses. Table 6 summarizes the results of these regression analyses.
These analyses showed that the efficiency of phonological and orthographic processing contributed significantly to the efficiency of syntactic and semantic processing. When the phonological efficiency measure was entered into the equation followed by the orthographic efficiency measure, the phonological efficiency measure accounted for 19%, 25%, and 16% of the variance and the orthographic efficiency measure accounted for 6%, 5%, and 2% of the variance in the syntactic, lexical-semantic, and sentence-semantic efficiency measures, respectively. When entered into the equation after RAN and the orthographic efficiency measure, the phonological efficiency measure still accounted for 7%, 11%, and 8% of the variance in the syntactic, lexical-semantic, and sentencesemantic efficiency measures, respectively. Even though phonological and orthographic processing shared 30% of the variance, each also explained some unique variance in efficient syntactic and semantic processing. These two lower level processes jointly accounted for 25%, 30%, and 18% of the variance in the syntactic, lexical-semantic, and sentence-semantic measures, respectively. It is noteworthy that RAN also explained a significant proportion of the variance on the efficiency scores of the syntactic and sentence-semantic measures (8% and 10%, respectively), suggesting that individual differences in the speed with which the readers access highly automatized aspects of the lexicon (i.e., letter names) may have played a significant role in how efficiently they processed more demanding higher level syntactic and semantic tasks. In order to get a better picture of the interrelationships among the different component processes involved in L2 reading comprehension, additional analyses were performed. In these analyses, instead of calculating the increments of variance using hierarchical regressions, the shared variance between the component processes and the total variance that each contributed to reading was computed. Figure 1 . A schematic representation of the relationship between lower level and higher level language processing skills in ESL reading comprehension by native speakers of Farsi (R 2 = 6% and above, significant at p < .05; R 2 = 9% and above, significant at p < .01; R 2 = 16% and above, significant at p < .001).
For this purpose, single regressions (i.e., regressions that contained only one predictor variable) were carried out. Then the squared R (coefficient of determination) in the equation was used as an index of the total variance explained by each predictor variable in each criterion variable. The results are presented schematically in Figure 1 .
In this figure, the basic lower level processes appear in the ovals and the intermediate general language processes appear in the rectangles. Reading comprehension appears at the bottom part of the figure. The percentage of variance shared by each pair of variables is shown on the lines connecting the different variables in the figure. Figure 1 depicts the complex and highly intercorrelated nature of the cognitive and linguistic component processes involved in L2 reading comprehension. It highlights the fact that L2 reading comprehension is an interactive, multivariate process, with each of the component processes contributing both to each other and to reading comprehension overall. In this context, however, it is important to note the significant contribution of the lower level phonological and orthographic processing skills to the more global syntactic and semantic processing skills as well as the total contribution of these lower level processing skills to L2 reading comprehension. As Figure 1 illustrates, about half of the variance contributed by the syntactic, sentence-semantic, and lexical-semantic measures to reading comprehension in our study is mediated via the variance contributed by the phonological and orthographic measures. As such, the lower level phonological and orthographic processing skills made both direct and indirect contributions through higher level syntactic and semantic processing skills to L2 reading comprehension among these adult L2 readers.
DISCUSSION AND CONCLUSION
The present research on ESL reading by Farsi native speakers resulted in a number of important findings concerning the role of different language processing skills in adult advanced ESL reading. The results of the correlational analyses revealed that both speed and accuracy on L2 phonological, orthographic, syntactic, and semantic measures correlate significantly with each other and with various indices of L2 reading proficiency. Furthermore, the results of the hierarchical regressions indicated that efficient lower level phonological and orthographic processing skills as well as higher level syntactic and semantic skills contribute significantly to various indices of ESL reading.
In this context, one of the major findings was related to the unique contribution of lower level processing skills to L2 reading. Efficiency in orthographic processing was found to contribute uniquely to ESL reading comprehension, silent reading rate, and single word reading over and above the contribution made by higher level syntactic and semantic processing, although in the case of single word recognition the contribution failed to reach statistical significance. The weaker contribution of orthographic processing to single word recognition versus reading connected text can be understood in terms of the complexity of reading connected text as opposed to reading isolated words. The more complex nature of reading connected text places a premium on lower level visual and word identification processes; therefore, those who have developed more efficient, automatized orthographic processing skills are better equipped when reading connected text than when reading isolated words (Barker et al., 1992) . Moreover, the connected text may provide more orthographic information for the reader to use, which is mostly through the parafoveal region in reading (i.e, the region around and adjacent to the fixation target) (see Rayner & Pollatsek, 1989) . These results suggest that efficient lower level graphophonic processing contributes importantly to adult ESL reading, and that information about syntactic and semantic linguistic skills is not sufficient to understand how and why adult ESL advanced readers vary from each other on reading.
The present study provided evidence that working memory also contributes importantly to adult ESL reading. This finding replicates several L2 studies where working memory was found to play an important role in L2 reading comprehension and word recognition (e.g., Geva & Ryan, 1993; Geva & WadeWoolley, 1998; Gholamian & Geva, 1999; Harrington & Sawyer, 1992) . Geva and Ryan (1993) , for example, found that working memory plays even a more important role in L2 reading of upper-elementary school children than in L1 reading. According to these researchers, this was mainly due to the heavier demands posed on working memory by the lack of automaticity in executing lower level component processes in L2 than in L1 reading. The relatively weaker correlation between working memory and decontextualized word reading in the present study can then be understood in terms of the differences in the cognitive processing demands presented to adults who are involved in comprehending connected text and reading words out of context.
The role of speed of letter naming (RAN) and its contribution to L2 reading is also important to note. Consistent with several L1 studies with adult readers (Cunningham et al., 1990; Palmer, MacLeod, Hunt, & Davidson, 1985) , RAN was weakly correlated with reading comprehension in our sample of adult advanced L2 readers. However, it turned out to be related to the efficiency of some of the component processes. These results suggest that, while speed of letter naming is not directly associated with reading comprehension in experienced adult L2 readers, it is related to the linguistic subcomponents of L2 reading, including lexical and syntactic knowledge. Moreover, individual differences in RAN were significantly related to individual differences in efficiency of phonological processing, suggesting that there may exist a link between the speed of recognizing letters and efficient phonological processing in ESL reading as well.
It could be argued that what is responsible for the contribution of basic component processing might be a more general speed factor rather than efficient phonological and orthographic processing skills. This possibility was examined by taking a conservative step in entering the predictor variables into the regressions. In all the regressions, RAN was entered into the equation prior to all the other predictor variables. It was expected that this procedure would extract the variance attributable to the speed of retrieving sequentially the names of the individual alphabetic letters implicated in the processing of the phonological and orthographic measures. The results indicated that, after the removal of the effect of RAN, orthographic processing contributed significantly to reading comprehension and silent reading rate. That is, a difference in efficient graphophonic processing skills in L2 reading, while related to letter naming speed, may not reflect merely letter naming speed. Rather, it may reflect in part an efficient processing mechanism specific to processing phonological and orthographic information (see Chiappe, 1997; Cunningham et al., 1990; Perfetti, 1985) .
One final observation is in order. In this study, it was observed that the unique contribution of orthographic processing skill was more pronounced than that of phonological processing skill. This finding is interpretable in light of the fact that the participants in the study were advanced L2 readers. As advanced readers, they may have relied more on orthographic strategies in reading than on phonological mediation. This interpretation is consistent with the idea that, while beginning readers depend more on phonological codes, expert readers might rely more on orthographic representations of words (Ehri, 1992) and efficiently use orthographic visual codes during word recognition processes (Doctor & Coltheart, 1980; Stanovich, 1993) .
In conclusion, the research reported here indicates that information about individual differences in the efficiency with which L2 readers process phonological and orthographic information helps us to understand individual differences in ESL reading. It suggests that the role of lower level graphophonic processing should not be overlooked in L2 reading, even when readers are proficient adult L2 readers. Moreover, it is clear that these linguistic processes interact with one another and with underlying cognitive processes such as working memory and speed of processing sequentially orthographic information. These results weaken considerably the common assumption in L2 that the availability of higher level processes in reading comprehension reduces significantly the contribution of lower level processes. They also challenge the idea articulated by researchers such as Coady (1979) that, as L2 readers become more proficient (i.e., as they increase their command of L2 vocabulary, syntax, and discourse markers), they move away from using lower level skills and instead rely on higher level semantic and syntactic skills. Consistent with many L1 studies and some recent L2 studies (e.g., Haynes & Carr, 1990; Koda, 1992) , the present research provides evidence for the utility of a multivariate information processing model in ESL reading. It suggests that L2 reading theories need to make more allowance for the role played by different component processes in L2 reading, including efficient phonological and orthographic processing.
However, it is important to caution against a simplistic and injudicious application of these findings to a theory of L2 reading. For example, a growing body of research on adult L2 learners suggests that specific aspects of L2 phonology and orthography may be negatively or positively affected due to transfer from the L1 (e.g., Akamatsu, 1996; Haynes & Carr, 1990; Koda, 1995; Wade-Woolley, 1996; Wade-Woolley & Geva, in press ). Koda (1995) , for instance, found that readers' different L1 orthographic structures differentially affected phonological coding strategies in L2 reading. Further studies are needed to examine whether the results from the present study can be replicated with readers of other language backgrounds.
Moreover, it should be noted that the syntactic and semantic tasks used in this study were written tasks. This choice was made under the assumption that written tasks provide L2 readers with a better opportunity to demonstrate their semantic and syntactic processing skills since they are self-paced and free from the problems associated with auditory tasks (see Johnson, 1992) ; however, written tasks may be associated with other aspects of reading skills, such as phonological and orthographic processing. We addressed this potential confounding by using the logic of regression analysis whereby the effects of other relevant variables were partialed out by entering them first into the regression equations. Future research could be conducted using both oral and written versions of these tasks. This methodology could at least allow the researcher to examine the extent to which the contributions of lower level processes are sensitive to the type of modality in which higher level processing tasks are presented to L2 readers. Finally, since the present study was carried out with adult ESL readers, additional studies should be conducted with readers with lower L2 reading proficiency. Such studies will not only increase our understanding of the L2 reading process in general, but also contribute to a fine-tuned understanding of the reading process from a developmental perspective.
